Abstract. The objective of this study was to investigate the characteristics of blood glycemic excursion, incretins and pancreatic hormone secretion in elderly people with newly diagnosed type 2 diabetes mellitus (T2DM) and to study the effects of sitagliptin on glycemic excursion in these subjects. A total of 129 newly diagnosed T2DM patients were enrolled in the study from March 2012 to August 2013. Clinical data, serum incretin, pancreatic hormone and continuous glucose monitoring data were collected. Among these subjects, elderly patients (NEDM) randomly received metformin combined with sitagliptin phosphate or glimepiride for 24 weeks. The blood glucose, glycosylated hemoglobin A 1c (GHbA 1c ), serum incretins and pancreatic hormone levels were determined. During the oral glucose tolerance test (OGTT), 30 min insulin and C-peptide levels, 120 min insulin levels and ratio of the increases of insulin and blood glucose levels after 30 min of sugar loading (∆Ins30/∆Glu30) were significantly lower in elderly patients than in middle-aged patients (P<0.05). In addition, the glucagon elevation at 30 min was higher and the glucagon-like peptide-1 (GLP-1) at 30 min was lower in the elderly patients (P<0.05). Glucose excursion indices, including the standard deviation of the average blood glucose, intraday mean average glucose excursions (MAGE), and mean of daily differences (MODD), were significantly higher in the elderly patients (P<0.05). During the OGTT, insulin, C-peptide and ∆Ins30/∆Glu30 results at 30 min and GLP-1 levels at 120 min in NEDM subjects were significantly increased (P<0.05) and glucagon levels at 30 min was significantly lower after sitagliptin treatment (P<0.05) compared with glimepiride.
Introduction
The morbidity of type 2 diabetes mellitus (T2DM), particularly in elderly people, is increasing in China due to changes in lifestyle that have occurred in recent years. The prevalence of diabetes in individuals >60 years old is ~20.4% (1, 2) . However, blood glycemic excursion (BGE) is poorly understood in this particular population.
Traditional treatment strategies for newly diagnosed elderly diabetics include one or more oral medications in addition to diet and exercise therapy, selected according to the level of blood glucose. Insulin injections remain the most potent therapy for uncontrolled T2DM. Multiple daily insulin injections can result in decreased variability of 24 h glucose levels (3) and delay the onset or progression of associated microvascular complications (4) . However, hypoglycemia is a frequent side effect during insulin treatment, particularly in elderly patients. Sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, increases endogenous glucagon-like peptide 1 (GLP-1) secretion and improves β-cell function and glycemic excursions without inducing hypoglycemia in patients with T2DM (5, 6) . DPP-4 inhibitors provide a beneficial effect on body weight, episodes of hypoglycemia, and total adverse events as determined via meta-analysis (7) . Furthermore, the effect of DPP-4 inhibitors on glycated hemoglobin A 1c (GHbA 1c ) has been suggested to be greater in older adults than in younger adults with T2DM (8) , which makes DPP-4 inhibitors a good choice for the clinical treatment of elderly patients with T2DM.
The present randomized case-controlled study was designed to examine the characteristics of glycemic excursion, incretins and pancreatic hormone secretion in elderly patients with newly diagnosed T2DM and to investigate the effects of sitagliptin on glycemic excursions in such patients.
Materials and methods

Subjects.
A total of 129 patients newly diagnosed with T2DM from Qilu Hospital of Shandong University (Jinan, China) were enrolled in this study from March 2012 to August 2013. Inclusion criteria were as follows: i) Results from an oral glucose tolerance test in accordance with the standards set by the World Health Organization in 1999 (9) for patients with newly diagnosed T2DM; ii) aged between 45 and 80 years; iii) negative plasma glutamic acid decarboxylase antibody, islet cell antibody and insulin autoantibody test results; and iv) no previous use of hypoglycemic drugs. The exclusion criteria were as follows: i) Fasting blood glucose >16.7 mmol/l or GHbA 1c >10%; ii) acute diabetic complications such as ketoacidosis; iii) severe hepatic, renal, cerebral-cardiovascular or gastrointestinal co-morbidities; or iv) allergies to metformin hydrochloride, sitagliptin phosphate or glimepiride.
Patients were divided into two age groups: Aged ≥65 years (NEDM group, n=86) and middle-aged group (45-65 years old; NMDM group, n=43). The elderly subjects were randomly assigned to receive sitagliptin phosphate (Januvia; Hangzhou MSD Pharmaceutical Co., Ltd., Hangzhou, China) combined with metformin (Glucophage; Sino-American Shanghai Squibb Pharmaceuticals Co., Ltd., Shanghai, China) and were defined as the SIG group or took glimepiride [Sanofi (Beijing) Pharmaceuticals Co., Ltd., Beijing, China] combined with metformin and were defined as the GLM group. The dose of sitagliptin was 100 mg once daily, and the initial dose of glimepiride was 1 mg once daily, and then titrated to 4 mg once daily, according to the patient's glucose level. The initial dose of metformin was 0.25 g thrice daily and then increased to 0.5 g thrice daily according to the patient's glucose level. The study was approved by the institutional ethical review committee of Qilu Hospital of Shandong University (Approval ID: KLS12185), and informed written consent was obtained from each patient prior to participation.
Clinical and laboratory parameters. Clinical data including gender, age, height, weight, waist measurement, systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI) and past medical history were collected. Fasting fingertip blood glucose, GHbA 1c , total serum cholesterol (TC), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C) and uric acid (UA) levels were evaluated using fully automatic biochemical analysis instruments.
Continuous blood glucose monitoring. Subjects who agreed to use a blood glucose monitoring system (NEDM, n=41; NMDM, n=21) used a continuous glucose monitor (CGMS System Gold; Medtronic MiniMed, Inc., Northridge, CA, USA) for 72 h. The patient maintained a normal amount of diet and exercise during monitoring to evaluate glucose variability. The fluctuant indices of glucose included mean blood glucose (MBG), standard deviation (SD) of the average blood glucose, intraday mean amplitude of glucose excursion (MAGE), and mean of daily differences (MODD) of interday blood glucose.
Oral glucose tolerance test (OGTT) and pancreatic hormone measurements. An OGTT was performed at the beginning and end of the study. Serum glucose (glucose oxidase method) (10) , insulin (chemiluminescence assay; #03649928; Siemens Healthcare Diagnostics, Inc., Tarrytown Follow-up visits. For the follow-up assessment, all patients were evaluated at the clinic at 4, 8, 12 and 24 weeks after enrollment. The follow-up visits were completed in all 129 patients. Blood glucose variation was measured using a fingertip micro blood glucose instrument, and treatment plans were adjusted according to the treatment guidelines for elderly patients with diabetic mellitus (12) . Hypoglycemia was recorded. A self-monitored blood glucose level <3.9 mmol/l was defined as hypoglycemia, and patients with hypoglycemic symptoms were defined as having symptomatic hypoglycemia, and those requiring management with emergency treatment were defined as having severe hypoglycemia. The onset and related hospitalization of severe cardiocerebral diseases including myocardial infarction, heart failure and stroke were also recorded.
Statistical analysis. Data are presented as the mean ± SD. SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA) was used for all statistical analysis. Data from experiments were analyzed using Student's t-test or Chi-square tests, wherever appropriate. P<0.05 was considered to indicate a statistically significant difference. Table I , age, SBP and LDL-C (P<0.05) levels were significantly different in the NEDM group compared with the NMDM group. There was no significant difference in other indices, including waist measurement, BMI, DBP and TG, TC, HDL-C and UA levels between the two groups.
Results
Clinical parameters and blood glucose fluctuation in the NEDM and NMDM groups. As shown in
Although the GHbA 1c levels were not different between the two groups (P>0.05), the CGMS results showed that the FBG level in the NEDM group was slightly elevated, and the blood glucose level increased postprandially and then dropped sharply. Glycemic excursion parameters including the SD, MAGE and MODD in the NEDM group were greater than those in the NMDM group (P<0.05). However, the MBG of the two groups exhibited no significant difference (Table I) .
Characteristics of incretins in the NEDM group. During the OGTT, blood glucose levels at 0 and 120 min were lower and those at 30 min were higher in the NEDM group compared with the NMDM group (P<0.05; Fig. 1 ). The insulin levels at 0, 30 and 120 min and the C-P and GLP-1 levels at 30 min were also lower in the NEDM group than in the NMDM group (8.09 vs 9.86 mIU/L; P<0.05). The glucagon level at 0 min was lower and at 30 min higher in the NEDM group than in the NMDM group (P<0.05; Fig. 1 ). The AUC ins , ∆Ins30/∆Glu30 and AUC glp-1 in the NEDM group were lower than those the NMDM group (P<0.05; Table II ). These results indicate that the secretion of GLP-1 and insulin decreased in the early phase and was accompanied by increased secretion of glucagon by α cells during this time.
Effect of sitagliptin on glucose excursion and incretins in the NEDM group. No significant differences in clinical characteristics, GHbA 1C or CGMS glucose fluctuation indices were observed between the GLM and SIG groups prior to treatment (P>0.05; Table III ). However, after 24 weeks of treatment, these parameters improved in both the SIG and GLM groups (P<0.05). Moreover, the MAGE and MODD in the SIG group were significantly lower compared with those in the GLM group (P<0.05; Table IV) .
No significant difference existed between the GLM and SIG groups for glucose, insulin, C-P, glucagon and GLP-1 during the OGTT prior to treatment (P>0.05). However, these parameters significantly improved in the two groups after treatment (P<0.05). Furthermore, with regard to OGTT results in the SIG group, the levels of insulin and C-P at 30 min and of GLP-1 at 0 and 30 min significantly increased (P<0.05), whereas the glucagon level at 30 min dropped sharply (P<0.01) compared with pre-treatment levels. In the GLM group, the levels of insulin and C-P at 120 min were significantly increased (P<0.05), whereas the glucagon and GLP-1 levels were maintained (P>0.05) compared with pre-treatment levels. In the SIG group post-treatment, glucose and glucagon levels at 30 min were lower compared with those in the GLM group (P<0.05), whereas insulin and GLP-1 levels at 30 min were higher compared with those in the GLM group (P<0.05; Fig. 2 ).
As shown in Fig. 3 , the AUCs for glucose, insulin, glucagon and GLP-1, and the HOMA-β, HOMA-IR and ∆Ins30/∆Glu30 indices in the SIG and GLM groups were comparable prior to treatment (P>0.05). After treatment, all of these indices significantly improved in the SIG group (P<0.05), with the exception of the HOMA-IR. In the GLM group, the AUC for glucose significantly decreased (P<0.05), whereas the AUC for insulin, HOMA-β and ∆Ins30/∆Glu30 significantly increased (P<0.05). In addition, the AUC for INS, GLP-1 and ∆Ins30/∆Glu30 in the SIG group were higher than those in the 
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GLM group following treatment (P<0.05), whereas the AUC for glucagon was lower (P<0.05).
Other effects. The average body weight significantly decreased in the SIG group following treatment (78.2±4.5 kg at baseline vs. 75.8±4.0 kg at the end of treatment; P<0.05), whereas there was no significant change in the average body weight (79.0±4.6 kg at baseline vs. 78.1±4.3 kg at the end of treatment; P>0.05) in the GLM group. The body weights were significantly different in the SIG group compared with the GLM group at the end of treatment (P<0.05). The incidence of symptomatic hypoglycemia in the SIG and GLM groups was 2.9 and 4.7%, respectively (P<0.05). No severe hypoglycemia was observed in any subject. No myocardial infarction, heart failure, and stroke occurred during the follow up.
Discussion
The amplitude of glucose variability increases from subjects with normal glucose tolerance (NGT) to those in patients with T2DM. When compared with individuals with NGT and impaired glucose regulation, subjects with NMDM show more predominant intra-and interday glucose variability and postprandial glucose excursion (13) . However, to the best of our knowledge, there has been no case-control study regarding the characteristics of glycemic excursion in NEDM patients. In the present study, glucose variability was observed as a slight increase in FBG level and a sharp increase in the postprandial glucose level in NEDM patients. The CGMS glucose excursion parameters such as MAGE and MODD were also observed to increase and exhibited extreme fluctuations.
The feature of glucose fluctuation in T2DM is closely associated with the number and function of β cells and the secretion level and function of insulin, glucagon and GLP-1. Previous studies have already verified that aging has a negative effect on islet function (14, 15) . In hyperglycemic clamp experiments, first and second phase insulin secretion in people with NGT normally decrease by 0.7% per year, with a greater reduction in the first phase compared with the second phase (16) . A study involving Chinese individuals with NGT also demonstrate that insulin secretion and the ability of islets to compensate decrease with age for basal glucose levels and after oral glucose loading (17) . Age-related IGT in healthy elderly people is not caused by a reduction in β cell number but rather the secretion and function of insulin (18) , as β cells in all age groups including healthy, aged and very aged remain stable (19, 20) . Patients with IGT and elderly diabetes mellitus (EDM) subjects have a 40 and 50% deficit, respectively, in the number of β cells compared with those in healthy controls (21, 22) . This deficit results from decreased proliferation and replication along with increased apoptosis and necrosis of β cells with aging (20) . However, β cell secretion in EDM patients gradually decreases as diabetes mellitus progresses, with urinal C-P decreasing 6% per year (23) . Glucagon and GLP-1 secretion levels in the early phase for EDM patients remain unclear. In the present study, the ∆Ins30/∆Glu30, and the AUC Ins and GLP-1 level at 30 min were lower in the NEDM group than in the NMDM group, and the glucagon level increased at 30 min in the NEDM group. These results indicate that the synthesis of glycogen by the liver significantly decreases under the action of insulin, whereas the breakdown of liver glycogen into glucose is accelerated by glucagon, resulting in the highly undulating glycemic excursions in NEDM subjects. The results of the present study demonstrate that aging impairs GLP-1 secretion, which contributes to high post-prandial glycemia, and these data are in accordance with results of a recent study (24) . DPP-4 inhibitors and sulfonylureas are important second-line anti-diabetic agents used with metformin or as a monotherapy. DPP-4 degrades endogenous GLP-1 following its secretion. Sitagliptin is a highly selective DPP-4 inhibitor that inhibits ≥80% of plasma DPP-4 activity and augments the level of active GLP-1 following an OGTT (5) . Animal experiments have indicated that GLP-1 reduces β cell apoptosis, improves β cell replication and regeneration, and inhibits α cell oversecretion (25) . A clinical study has found that sitagliptin phosphate used as a monotherapy or in combi- Table IV . Glucose excursion parameters between the SIG and GLM groups.
GLM group SIG group (27) . In the present study, after 24 weeks of metformin combined with sitagliptin phosphate treatment in the NEDM group, it was found that insulin secretion in the early phase and GLP-1 secretion was improved, and the abnormal secretion of glucagon was suppressed. However, metformin combined with glimepiride did not change the GLC and GLP-1 levels, suggesting that the combination of metformin with sitagliptin phosphate has a synergistic effect for the treatment of NEDM. In a previous study, the FBG and 2 h postprandial blood glucose levels in newly diagnosed NEDM subjects decreased after 24 weeks of sitagliptin monotherapy (6) . Sitagliptin monotherapy treatment significantly and rapidly improves glycemic measures and is well tolerated in patients with T2DM aged ≥65 years (28) . In the present study, sitagliptin improved early phase insulin secretion and GLP-1 levels and suppressed the reverse secretion of α cells in the NEDM group. Increased early phase insulin secretion promotes glucose intake and metabolism in cells while increased serum GLP-1 may improve the early phase secretion of β cells in NEDM patients.
Notably, a recent study has shown that glucose fluctuations during the acute phase of acute myocardial infarction affect the myocardial salvage index (MSI), and the plasma GLP-1 level is positively correlated with the MSI. Since coronary artery diseases (CADs) are common in elderly people with T2DM, this finding indicates that patients with CAD may obtain greater benefits after sitagliptin treatment (29) .
Animal experiments and clinical research have found that the hypoglycemic effect of sitagliptin presents glucose dependence (30, 31) . Notably, the prevalence of cerebral-cardiovascular disease in EDM patients is much higher than in other groups (32), so safety is particularly important. There are previous reports concerning the association of sitagliptin with heart failure (33, 34) , however, in the present study, no severe cardiovascular diseases occurred. This study demonstrates that the combination of metformin with sitagliptin is a relatively safe treatment for NEDM patients.
This study has several limitations. First, the sample size was low. Second, not all subjects underwent continuous blood glucose monitoring due to the cost of this system. Third, this study was a small-size clinical observation, and the mechanism was not investigated. More studies are required to explain the underlying mechanism.
In conclusion, in NEDM patients, blood glucose fluctuations occur due to defects in the first phase of insulin and incretin secretion and the excessive secretion of glucagon by pancreatic α cells. Sitagliptin phosphate combined with metformin effectively and safely improves glycemic excursion and carbohydrate metabolism in NEDM patients by promoting the first phase of insulin and incretin secretion and inhibiting the secretion of glucagon. 
